In a market-basket study conducted in Cairo, Egypt, the most commonly consumed milk products were sampled and the contents of 13 polycyclic aromatic hydrocarbons were analyzed using gas chromatography with a mass spectrometer detector. The obtained data showed that the total amount of 13 PAHs was within the range of 1.3-8.2 µg/g. The results proved that the, highest mean levels of polycyclic aromatic hydrocarbons were detected in powdered milk (8.2 µg/g) followed by ultra-heat treatment milk and milk beverages (6.07 µg/g). The lowest level was detected in unsmoked cheese and yogurt (1.3 µg/g). Estimated daily intake (EDI) was used to estimate the carcinogenic risk. The total mean estimated daily intake for children in different age categories (1-10 years) was calculated with respect to benzo[a]pyrene, which ranged from 0.058 to 0.31 mg/day. The total mean value of EDI for the sum of seven carcinogenic PAHs in terms of benzo[a]pyrene ranged from 0.61 to 1.22 mg/day in all age categories. These results were higher than the critical limit set by the European Food Safety Authority. Therefore, there should be concerns regarding the effects of the consumption of different milk products on the local population.
Introduction
Polycyclic aromatic hydrocarbons (PAHs) constitute several hundred various chemical compounds. The Environmental Protection Agency (US EPA) has included sixteen of these compounds in its list of persistent organic pollutants (POPs) [1] . PAHs, which are formed from the incomplete combustion of different organic matters, include roasted meat, fossil fuels and coal [2] . Milk is a substance that may contain PAHs due to its fat content as PAHs are lipophilic [3] . The exposure of animals to PAHs happens mainly by the inhalation of particulate matters, intake of dietary food or contact with any materials contaminated with PAHs [4] . PAHs are largely excreted in urine or feces in a hydroxylated form after their adsorption in the body [5] .
In addition, the lipophilicity of PAHs results in their accumulation in animal adipose tissue and excretion in milk [6] . Milk and dairy products are the main components of the daily diet of humans and it is also of special importance as it can act as a complete food source [7] . Besides, milk represents a key component of the everyday diet for infants, school-age children and older children [8] .
Samples Collection
A variety of milk samples from commercially available milk brands, which were packed at different dates and had different batch numbers, were collected from different places in different locations in Great Cairo, Egypt. All collected samples were numbered from 1 M to 24 M. The information, including the types, origin and compositions of the samples, is displayed in Table 1 . Samples were delivered to the laboratory in glass containers with plastic caps. Samples were stored in a refrigerator at approximately 4 • C to prevent a change in the volume due to evaporation. The samples were taken out of the refrigerator and left at room temperature the next day before starting analysis.
Extraction and Clean Up
Five grams of the homogenized sample were transferred to a QuEChERS extraction tube and were subsequently shaken for 1 min. A mixture of Hex: Ace (15 mL; 1:1 v/v) was added to the extraction tube, which was followed by shaking for a few seconds. After this, the QuEChERS extraction foil packet contents (6 g and 1.5 g of sulfate and acetate salts of magnesium and sodium, respectively) were added to the mixture [12] . Sodium chloride was subsequently added to QuEChERS extraction tube to decrease the solubility of PAHs and enhance their separation in the organic solvent phase [3] . The mixture was shaken vigorously for 1 min and the extract was centrifuged at 2500× g for 5 min in order to remove the upper layer of the Hex:Ace mixture. Approximately 6-8 mL of the 15-mL total volume of Hex: Ace was separated into the upper layer. The isolation of PAHs was performed using a normal phase mode of solid-phase extraction (SPE) [13] . Activated silica gel was loaded into a glass-chromatographic column, which was followed by the addition of 1 g of Na 2 SO 4 . After this, the column was conditioned with n-hexane. The concentrated extracts were loaded into the column after dissolving them in 5 mL of n-hexane, before they were finally eluted with 50 mL of n-hexane [13] . The eluents were concentrated using a rotary evaporator and then re-dissolved in 0.5 mL of n-hexane for GC analysis [13] .
Instrumental and Chemical Analysis
Analyses were carried out by using a 7000 Agilent triple Quadrupole MS system coupled with a 7890A GC, which was equipped with a split/splitless injection port, an auto sampler model Agilent 7693 and electronic ionization. A HP-5MS 5% Phenyl Methyl Siloxane, Agilent 19091s-433 capillary column was used (30 m × 0.25 mm Internal diameter (I.D.) and 0.25-µm film thickness).
Helium (99.99%) was used as the carrier gas at a linear flow rate of 1.8 mL/min. An initial temperature of 70 • C was used and raised at a rate of 15 • C/min to 250 • C, before being finally increased at the rate of 5 • C/min to 315 • C with a holding time of 5 min. The temperature was 270 • C for the ion source, 150 • C for the quadrupole and 315 • C for the transfer line. The mass spectrometer was operated in full scan mode ranging from 50 to 320 m/z with an electron impact ionization energy of 70 eV. The identification of PAHs was made on the basis of GC retention time, which was compared to the available standard solutions of PAHs and used the characteristic ions that were monitored in analyses.
The base peak of an individual PAH was chosen as the quantifier ion and other two most intense ions in the mass fragmentation of an individual PAH were carefully chosen as the qualifier ions for the purpose of identification [14] . All target compounds were recognized by GC-MS/MS in the selected ion monitoring mode using the quantifier ion and qualifier ions with their limit of detections (LOD), which are shown in Table 2 . The estimated concentrations of the 24 extracted milk samples are shown in Table 3 . Table 2 . Quantifier ions and qualifier ions used in the selected ion monitoring of PAHs by gas chromatography-mass spectrometry. 
Results and Discussion
The levels of PAHs in milk (raw and commercial) and dairy-based products collected from local markets were determined (Table 3 and Figure 1 ). The data presented in Table 3 indicated that the concentrations of PAHs in different samples varied considerably among the different types of the samples, their fat content, nature, and the type of manufacturing technique used to process milk [15] . From Figure 1 , it was illustrated that the highest mean levels of PAHs were detected in powdered milk (8.2 µg/g), followed by ultra-heat treated (UHT) milk and milk beverages (6.07 µg/g). In a study carried out by Naccari et al., the maximum concentration of PAHs (Σ[PAHs]) obtained for UHT milk (7.75 ng/g) was less than that obtained for the samples analyzed in this study [16] . On the other hand, the lowest level was detected in unsmoked cheese and yogurt, which was 1.83 µg/g. According to previous studies, raw milk samples contained PAHs levels that were higher than that detected in pasteurized milk because raw milk contained more triglycerides, which resulted in a higher level of PAHs [10] . However we found that the pasteurized and UHT milk had a higher level of PAH contamination compared to raw milk (18 M = 1.3 µg/g [Σ[PAHs]), which suggests that the increasing levels of PAHs could be due to the heat treatment during milk production [11] . This result was consistent with Naccari et al., who analyzed different types of milk using HPLC-MS [16] . The obtained results demonstrated that the presence of PAHs in raw milk was related to environmental pollution [8] . Furthermore, the formation of PAHs in milk can be affected by pasteurization and UHT treatments [16] . A previous work carried out by Gutiérrez et al. assessed that Σ[PAHs] ranged from 1.24 to 1.83 µg/g during their analyses of raw milk samples [8] . Sanagi et al. also proved that many analyzed raw milk samples were contaminated with PAHs and Σ[PAHs] reached 33.3 µg/L [3] . The lack of detection of naphthalene in the analyzed samples was probably due to it being degraded or volatilized during the laboratory work [8] . In this study, we also found that the hydroxyl-metabolites from naphthalene and other derivatives of PAHs (not quantified) were found in most samples, which is presented in Table 4 and Figure 2 . The source of hydroxyl-metabolites was the chronic exposure of dairy samples to oral soil intake. Londoño et al. concluded that both low and high molecular mass PAHs were transferred to the milk as either native compounds or metabolites after oral exposure [9] . From Table 4 and Figure  2 , it was found that 1-hydroxy-2-naphthoic acid (8.45 min) was most abundant, followed by 2-(1-naphthyl)acetic acid (10.42 min), 1-naphthol (10.4 min) and acenaphthene (15.14 min).
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(µg/g) Figure 1 . Distribution of total concentration of PAHs in various types of milk and dairy-based samples.
The 3-ring PAHs were the principal PAH compounds found in the selected milk products. Fluorene was the most abundant in all milk products at a mean level of 1.32 µg/g, followed by ACY (0.92 µg/g). Nearly 70% of the samples contained ACY, Flu, PYR, PHE and ANT. Ciecierska and Obiedziński obtained a similar profile for infant and follow-on formulas, where the predominant PAHs have a 3-ring structure [17] . Dairy products from the Nigerian market mainly contained 3-and 4-ring PAHs [18] . The contamination of the samples, which was given as the summation of the analyzed 3-ring PAHs, ranged from 0.99 to 3.45 µg/g at nearly 85% of the total measured concentration of thirteen PAHs. A low PAH percentage is considered to highlight a potential carcinogen for humans by the IARC or EPA [19] .
In this study, we also found that the hydroxyl-metabolites from naphthalene and other derivatives of PAHs (not quantified) were found in most samples, which is presented in Table 4 and Figure 2 . The source of hydroxyl-metabolites was the chronic exposure of dairy samples to oral soil intake.
Londoño et al. concluded that both low and high molecular mass PAHs were transferred to the milk as either native compounds or metabolites after oral exposure [9] . From Table 4 and Figure 2 , it was found that 1-hydroxy-2-naphthoic acid (8.45 min) was most abundant, followed by 2-(1-naphthyl)acetic acid (10.42 min), 1-naphthol (10.4 min) and acenaphthene (15.14 min). In this study, we also found that the hydroxyl-metabolites from naphthalene and other derivatives of PAHs (not quantified) were found in most samples, which is presented in Table 4 and Figure 2 . The source of hydroxyl-metabolites was the chronic exposure of dairy samples to oral soil intake. Londoño et al. concluded that both low and high molecular mass PAHs were transferred to the milk as either native compounds or metabolites after oral exposure [9] . From Table 4 and Figure  2 , it was found that 1-hydroxy-2-naphthoic acid (8.45 min) was most abundant, followed by 2-(1-naphthyl)acetic acid (10.42 min), 1-naphthol (10.4 min) and acenaphthene (15.14 min). This results were consistent with other studies that assessed the presence of hydroxyl-metabolites of PAHs in milk samples, such as references [20, 21] . Knobel et al. proved that
Sample number This results were consistent with other studies that assessed the presence of hydroxyl-metabolites of PAHs in milk samples, such as references [20, 21] . Knobel et al. proved that bovine milk contained 2-hydroxyfluorenene, 1-hydroxynaphthalene and 2-hydroxynaphthalene. Another study carried out by Nyiri et al. found that infant formula was contaminated with 5-methylchrysene [20] .
PAHs with a high molecular mass, such as Indeno (1,2,3-cd) pyrene and benzo(ghi)perylene, were found in only four of the extracted samples (1 M, 3 M, 11 M and 14 M) (yogurt and unsmoked cheese) under investigation at concentrations of 0.012-0.048 µg/g. Battisti et al. studied the PAH distribution in yogurt and found that there was an absence of high molecular weight PAHs with the exception of BaP, BaA and CHR in some samples at the concentrations of 0.3, 0.2 and 0.22 µg/g, respectively [22] . A previous study conducted by Guillén et al. also assessed the presence of BbF, BkF and IPY in non-smoked cheese [23] .
Only two of the analyzed samples (3 M and 14 M) contained seven of carcinogenic PAHs at a mean concentration (0.46 µg/g) that is higher than the accepted range set by EPA [6] .
BaP (Benzo[a]pyrene) was found to be an indicator of the carcinogenetic levels in food. BaP has the capacity to enter redox cycles and enhances the production of the reactive oxygen species (ROS), causing oxidative stress and subsequent DNA damage [24] .
In this work, 45% of the analyzed samples (n = 24) tested positive for BaP, with BaP concentrations that ranged from 0.01 to 0.41 µg/g with a median value of 0.12 µg/g. Furthermore, a higher concentration of BaP (0.41 µg/g) was found in powdered milk. In a study carried out by Iwegbue and Bassey, the maximum concentration of BaP in powdered milk (0.17 µg/g) was greater than that obtained for the samples analyzed in this study [15] . According to the previous study, the dietary exposure was assessed based on the recorded data of PAHs concentration and consumption of the comparable food categories [25] .
All the calculations given in Table 5 were based on finding the mean concentrations of PAHs in the samples of milk products after their analysis in order to represent the central trend of the distribution. Mean concentrations were used to represent the long-term dietary exposure [26] . The assessed dietary exposure was established by comparing the Estimated Daily Intake (EDI) with Acceptable Daily Intake (ADI). This was expressed as a percentage (ADI%) [26] . The ADI was used to estimate the quantity of a food additive in drinks or food, which is expressed on a weight of body (bw) basis, that can be taken every day over a lifetime without posing substantive consumer health hazards [27, 28] . Multiplying the residual concentration in the food by the amount of that food consumed was used to estimate the dietary intake of PAHs (EDI) in a given food. All calculations for the EDI were applied according to the international guidelines [29] . The calculation of the EDI of PAHs can be carried out using Equation (1) .
where Fi is the milk consumption of the applicable consumption rates of milk (kg/day), which was chosen based on the data of consumption supplied by WHO [30] . It was found that the consumption of milk for children that are 1-3 years old (14 kg), 4-6 years old (21 kg) and 7-10 years old (32 kg) was nearly 750, 483 and 500 mL/day, respectively [31, 32] . The Ci (concentration of BaP), ∑7PAHs and ∑13PAHs are summarized in Table 5 . The data of the maximum and mean EDI in terms of BaP (mg/day) for milk consumed by Egyptian consumers of different age categories are given in Table 6 . The maximum EDI for the sum of seven carcinogenic PAHs (sum of the concentration of BaA, CHR, BbF, BkF, IPY, DBA and BaP) in terms of BaP, which is recommended by EFSA, is 2 µg/kg [29] . By comparing the obtained results presented in Table 6 , we found that for the sum of seven carcinogenic PAHs in term of BaP, the EDI can be high and even surpass the maximum levels set in Regulation 1881/2006 (as altered) for PAHs in milk and dairy products [33] . Furthermore, it exceeded the levels set by EPA 8100 [34] , especially for children that are 1-3 years old. Previous studies [15] assessed that the EDI with respect to BaP ranged from 0 to 53.9 ng/day in different types of milk products, while Alberola et al. also indicated that the EDI for goat milk was 0.02 mg/day [35] . 
Conclusions
The obtained data showed that the total amount of 13 PAHs was within the range of 1.3-8.2 µg/g. The obtained results proved that the highest mean levels of PAHs were detected in powdered milk (8.2 µg/g), followed by ultra-heat treatment (UHT) milk and milk beverages (6.07 µg/g). The lowest level was detected in unsmoked cheese and yogurt (1.3 µg/g). The mean EDI in terms of BaP and seven PAHs was higher for small infants than for older children and was higher than the critical limits proposed by EFSA and EPA.
Therefore, the study deduced that there are potential hazardous and dangerous effects posed by the consumption of milk and dairy-based products, especially for infants and babies. It is thus recommended to have firm regulations concerning their production processes. Meanwhile, care should be taken regarding the consumption of dairy products by young children in order to avoid health problems. Funding: This research received no external funding.
